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I. INTRODUCTION
1. Scope of Investigation.-A satisfactory drop-testing technique
for determining the friability of coal having been worked out in the
laboratory, it was desired to apply this test to a number of samples
of freshly-mined Illinois coal. For this purpose a portable apparatus
was constructed, corresponding in all essential respects to the labo-
ratory apparatus used in the preliminary work and capable of being
set up on a concrete floor or platform at a mine so as to give the
requisite drop of 10 feet on concrete. The auxiliary equipment, screens,
scales, etc., was also put in portable form, the entire apparatus being
so devised as to reproduce the standard test previously recommended.
In this way it was possible to test about 60 samples of freshly-
mined coal, some from each of the principal seams now being worked
in the state. The samples came from 26 different mines in 17 counties,
all of the principal producing districts being represented. This work
was done during the summer of 1929.
Following this general survey of the state, a local study was made
during the ensuing winter and spring at one mine by testing the fri-
ability of the coal from each of two entries at monthly intervals, to
determine the variation in friability over comparatively small hori-
zontal distances within the seam.
Finally, some laboratory tests were run on samples that had been
stored for some time.
Definitions of the terms "weight and size degradation" as used
in this report and a description of the test will be found in the Ap-
pendix (p. 21). A more complete description of the drop test and its
development with the derivation of the various related terms used
throughout the report will be found in Bulletin 196 of the Engineering
Experiment Station, University of Illinois.
2. Acknowledgments.-The work was in charge of the author, who
was assisted in the field during the summer by MR. H. P. NICHOLSON,
Instructor in Mining Engineering, and MR. O. J. HENBEST.
The whole-hearted assistance of the coal operators of the state
and the officials at the mines visited, without whose co6peration this
investigation would not have been possible, is gratefully acknowledged.
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The investigation was carried on under a co6perative agreement
between the Engineering Experiment Station of the University of
Illinois and the Illinois State Geological Survey, and has been a part
of the regular work of the Engineering Experiment Station of which
DEAN MILO S. KETCHUM is the director, and of the Department of
Mining Engineering of which PROFESSOR A. C. CALLEN is the head.
II. RESULTS OF GENERAL SURVEY
3. Friability of Individual Samples.--The results of the gen-
eral survey are given in Table 1, which lists each sample separately,
giving its place of origin, the method of mining employed, and the
resulting weight and size degradations, the latter, D, being ordinarily
about one-half as great as the former, D,.
The degradation numbers for individual samples varied from a DA
of only 27.0 for Sample 16 to a Dw of 60.0 for Sample 5, the former
being from a Fulton County underground mine in Seam 5, and the
latter from an open pit mine. The average weight degradation D, for
the 44 samples was 40.1 and the corresponding average size degrada-
tion D, was 20.4, 51 per cent of the mean weight degradation. A re-
view of the individual mean weight degradations of Column 7, Table
1, shows that there were frequently considerable differences in the
degradation of two samples taken from different parts of the same
mine. However, at only five of the 19 mines which were sampled
twice were the differences clearly significant. These mines are U8, U9,
U18, U19, and U22.
At Mine U19 the superintendent predicted, in a general way at
least, the difference in friability shown in Table 1 between samples 45
and 46, and specified the territory in the mine from which each sample
should come to emphasize the marked difference in friability which
experience had shown to persist in different parts of the mine. This
shows that, in this case at least, the difference in the degradation
numbers of the two samples is not merely accidental, but is expres-
sive of an essential difference in the inherent friability of the coal in
different parts of the seam. This is no doubt equally true of the other
significant differences mentioned.
4. Consistency of Results.-The probable error of the mean weight
degradation for each sample is given in Table 1 as an indication of
the variations encountered in successive tests. The greatest difference
between the maximum and the minimum weight degradation in any
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TABLE 1
RESULTS OF DROP TESTS ON FRESHLY MINED COAL
Sample
Number
1
5
6«
7-
8a
10
11
12
13
14
15
16
17
18
19b
20
21
22
23
24
25
26
28
29
30
31
32
33
34
35
36
37
38
39
400
41
42
43
44d
45
46
47
48
49
50
Coal from
Mine
2
01
01
U1
U1
U2
U2
U3
U3
U4
U4
U5
U6
U6
U7
U8
U8
U9
U9
02
02
U10
03
U10
U11
U11
U12
U12
U13
U13
U14
U14
U15
U16
U16
U17
U18
U18
04
U19
U19
U20
U21
U22
U22
County
3
Northern, 11.*
Northern, Ill.*
Northern, Ill.*
Northern, 11.*
Peoria
Peoria
Tazewell
Tazewell
Northern, Ill.*
Northern, 11.*
Fulton
Macoupin
Macoupin
Macoupin
Madison
Madison
St. Clair
St. Clair
Perry, Jackson*
Perry, Jackson*
Perry, Jackson4
Perry, Jackson*
Perry, Jackson"
Franklin
Franklin
Williamson
Williamson
Williamson
Williamson
Williamson
Williamson
Saline
Saline
Saline
Gallatin
Franklin
Franklin
Northern, 11.*
Sangamon
Sangamon
Sangamon
Sangamon
Vermilion
Vermilion
Place
5
No. 2 cut
No. 1 cut
sol.fc.
u.c.fe.
rm.
en.
e.
s.
n.w.
s.w.
en.
s.
n.
n.e.
n.e.
s.e.
s.e.
n.e.
No. 1 cut, w.
No. 2 cut, s.
n.rm.
w.cut
n.en.
n.rm.
s.rm.
e.
w.
n.w.
n.e.
s.e.
s.w.
w.
e.
n.w.rm.
s.w.rm.
w.rm.
n.en.
n.rm.
rm.
n.e.rm.
s.w.rm.
Explanation of Abbreviations:
Column 2. O = open pit mine, U = underground mine
Column 5. General location in mine of source of coal:
sol. = solid en. = entry
fc. = face n. = north
u.c. = undercut s. = south
rm. = room w. =west
e. = east
Column 6. Mining Method:
o.p. = open pit
1.w. = ongwall
sh. = sheared
u.c. = undercut
Column 7. D, = Average weight degradation for series of drop tests (in per cent).
Column 8. E = Probable error of the mean D., see Bul. 196, p. 40.
Column 9. D. = Average size degradation for series of drop tests, (in per cent).
aSamples 6, 7, and 8 dropped on a moderately rough but firm steel plate.
bSamples 19 and 20 are mixtures from two cars from different places on 5th n.e. entry.
OSample mixed from two cars; one of room coal, the other of entry coal.
dFrom a thorough cut, said to make coal unusually friable.
*Not stated more explicitly to avoid disclosing identity of mine.
Mining
Method
6
o.p.
o.p.
1.w.
l.w.
u.c.
u.c.
u.c.
u.c.
l.w.
l.w.
u.c.
u.c.
u.c.
u.c.
u.c.
u.c.
u.c.
o.p.
o.p.
sh.u.c.
0.p.
sh.u.c.
u.c.
u.c.
u.c.
u.c.
u.c.
u.c.
u.c.
e
u.e.
u.e.
o p.
u.c.
sol.
0.C.
sol.
sol.
sol.
aol
o.C.
u.c.
u.c.
Av. E,
7 8
60.0 ±0.85
57.4 +0.73
15.4 ±1.1
15.8 +1.5
35.4 ±1.1
35.3 ±0.62
12.3 +0.78
10.9 ±1.1
39.0 ±1.7
38.8 ±0.45
27.0 +1.4
11.2 +1.1
37.8 ±0.50
16.4 +1.1
34.3 +1.3
39.7 ±0.76
34.6 +0.91
41.2 +0.51
14.3 ±0.91
42.2 +1.4
32.4 +0.81
11.4 +0.76
33.6 +1.2
38.3 +1.2
33.2 11.3
35.9 ±1.1
40.2 +1.3
33.4 +0.75
33.4 +1.3
32.5 ±0.66
37.3 +0.82
42.2 +1.3
36.5 +1.3
40.8 +1.2
39.7 ±1.9
33.1 +0.83
38.5 ±0.58
42.1 ±0.95
42.8 ±1.2
50.4 ±0.86
46.6 +0.88
45.0 +1.7
46.7 +0.88
35.2 +1.5
Av.
9
34.0
32.7
25.1
23.8
17.1
17.8
22.2
19.9
20.2
20.8
12.5
21.2
17.5
25.3
18.1
19.8
17.3
20.0
24.2
21.8
13.9
21.6
16.3
17.6
14.8
15.6
19.5
18.2
17.5
14.8
19.0
20.2
17.9
19.9
20.2
14.7
18.9
20.0
23.4
28.8
25.1
23.7
24.5
18.9
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TABLE 2
AVERAGE RESULTS OF DROP TESTS BY SEAMS
Number of Average Average
Mine Samples D, D.
1 2 3 4
I. Seam No. 2
II. Seam No. 5
A. Northern (Fulton, Tazewell, and Peoria Counties)
B. Central (Sangamon County)
C. Southern (Saline and Gallatin Counties)
U16 2 38.7 18.9
U17 1 39.7 20.2
U15 1 42.2 20.2
For District Tot. 4 Av. 39.8 19.5
For Seam Tot. 13 Av. 40.3 20.6
III. Seam No. 6
A. Western (Macoupin, Madison, St. Clair Counties)
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TABLE 2.-(Concluded)
AVERAGE RESULTS OF DROP TESTS BY SEAMS
nber of
nples
Average
D,
2 3 4
B. Southern (Perry, Jackson, Franklin, and Williamson Counties)
1. Underground Mines
2
2
2
2
2
2
Tot. 12
33.0
33.4
34.9
35.8
35.8
38.6
Av. 35.3
15.1
17.9
16.9
16.2
16.8
17.6
16.8
2. Open Pit Mines
12
41.4
43.3
Av. 42.7
Av. 36.8
C. Eastern (Vermilion County)
Tot. 21
41.0
Av. 37.2
IV. Summary of Results
Number of
Mines
2
3
3
3
9
4
6
1
11
Number of
Samples
4
5
4
4
13
7
12
2
21
*Includes underground samples only.
Mine
Average
D,
U10
U13
U14
Ull
U18
U12
For Group
03
02
For Group
For District
For Seam*
Seam
2
5 (Northern)
5 (Central)
5 (Southern)
5 (All)
6 (Western)
6 (Southern)*
6 (Eastern)
6 (All)*
Average
Do,
42.3
36.2
46.2
39.8
40.3
39.3
35.3
41.0
37.2
Average
D,
22.5
17.9
25.3
19.5
20.6
19.8
16.8
21.7
18.3
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full-sized series of tests, comprising from 7 to 9 tests run on a given
sample of coal, was 21.2 for Sample 50, while the least such difference
was 5.2 for Sample 15. The probable error of the mean weight degra-
dation has a maximum value of 1.9 for a full-sized series (Sample 41)
and a minimum of 0.45 (Sample 15), averaging about 1 per cent. This
indicates about the order of consistency which can be expected in
making such tests, and emphasizes the necessity of making a con-
siderable number of parallel tests in each series.
5. Seam Averages.-The results of the tests at each mine have been
combined into one pair of average degradation numbers (D, and D
,
)
and are listed in Table 2, according to the coal seam in which they
occur. The average weight degradation for each mine is also shown
on the outline map, Fig. 1.
Seam No. 2
Two underground mines, U1 and U4, were visited in Seam No. 2,
their average weight degradations being 45.6 and 38.9 per cent, re-
spectively. This wide range in values emphasizes the danger in averag-
ing such results to give a seam average. It should be borne in mind
that the seam averages, and indeed the mine averages themselves, are
only rough indications of what might be expected in future testing,
because they are necessarily composed of results from a comparatively
few widely isolated samples frequently of markedly different friability.
Nevertheless, it is thought that some helpful comparisons may be
had from such averages and that future testing of like scope will
probably yield results not radically different. Thus, for the 4 samples
of No. 2 coal, the mean weight degradation D. is 42.3 per cent and
the mean D, - 22.5 per cent.
Seam No. 5
Seam No. 5 was sampled in three separate districts, arbitrarily
designated as the northern, in Fulton, Tazewell, and Peoria Counties,
the central, in Sangamon County, and the southern, in Saline and Gal-
latin Counties. Five samples were tested from the northern district
from three different mines, with mean weight degradations ranging
from 27.0 per cent for the single sample at Mine U5 to 41.6 per cent for
two samples at mine U3, the average D. for the district being 36.2 per
cent.
Three mines were also sampled in this seam in Sangamon County
with more closely agreeing results which gave an average D, for the
four samples tested of 46.2 per cent.' This is considerably higher than
THE FRIABILITY OF ILLINOIS COALS
NORTHERN
ILLINOIS
X059
X US9
£0#6
FIG. 1.-MAP OF STATE, SHOWING DISTRIBUTION OF SAMPLES AND
AVERAGE WEIGHT DEGRADATION
1st. subscript-seam number; 2nd subscript-average D. for mine.
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the average for either of the other two districts in No. 5 coal, the aver-
age D, for four samples from three mines in the southern district
being 39.8 per cent which is but little greater than that of 36.2 per
cent in the northern district.
For the 13 samples taken from nine mines in this seam, the aver-
age D. was 40.3 per cent and the average D, was 20.6 per cent. Both
values are slightly lower than the corresponding values of 42.3 and
22.5 per cent for Seam 2.
Seam No. 6
The mines sampled in Seam 6 have been divided into three districts,
the western, comprising Macoupin, Madison, and St. Clair Counties,
the southern, comprising Perry, Jackson, Franklin, and Williamson
Counties, and the eastern, Vermilion County.
Seven samples were tested from four mines in this seam in the
western district with average weight degradations for individual mines
ranging from 37.1 to 46.4 and averaging 39.3 per cent.
Mines in the southern district have been subdivided into two
groups, underground and open pit, only two of the latter group being
represented. Twelve samples from 6 underground mines gave an aver-
age D, of 35.3 per cent, with individual mine averages ranging from
33.0 to 38.6 per cent. The average is appreciably below that of 39.3
for the western district in No. 6 coal.
The average weight degradations for the two open pit mines were
41.4 and 43.3 per cent, averaging 42.7 per cent, which is much higher
than the average for the underground mines of this seam and district.
This was also true of the samples from strip mine 01. It is probable
that the greater friability of the open pit coal is due to the perme-
ability of its thin cover which has permitted gradual weathering over
long periods of time.
Only two samples from one underground mine were tested in this
survey in the eastern district of No. 6 coal with an average D, of
41.0 per cent. However, with the addition of results from ten more
freshly-mined samples taken at intervals in two entries in this mine in
a subsequent survey, the average D, becomes 42.0. This is consider-
ably higher than the corresponding average for either of the other
two districts in this seam.
The average weight degradation for Seam 6 as a whole, including
samples from the 11 underground mines only, is 37.2 per cent. This is
somewhat lower than that of 40.3 per cent for Seam 5, and consider-
ably under the average D, of 42.3 per cent of Seam 2.
THE FRIABILITY OF ILLINOIS COALS
Seam Y
Only one mine, a strip pit, was sampled in Seam Y, the average
D, for the single sample taken there being 42.1 per cent. This sample
was taken from a thorough cut, the impression about the mine being
that this made the coal exceptionally friable due to the unusual
stresses set up in the coal seam on account of having overburden on
the coal on both sides of the cut. However, it is not clear that the
stresses are any more severe under these circumstances than in the
usual cut, and as the degradation of this sample was not excessive, it
is doubtful if it was affected much, if at all, by the fact that it came
from a thorough cut.
III. RESULTS OF LOCAL SURVEY
6. Outline of Procedure.-As was stated in the introduction, a series
of drop tests was made at about monthly intervals at a Vermilion
County underground mine (U22) in No. 6 coal. For each series a pit
car of coal was taken from the face of either entry in two pairs of
entries, the same pairs of entries being used throughout the tests. Under
a full working schedule this would have given a sample nearly every
200 feet along each pair of entries, but the mine was operating on a
reduced schedule so that the intervals were actually much shorter than
this. However, this was not a material consideration, as the object of
the tests was to gain some knowledge as to the variability of the
friability of the coal in a given seam over comparatively short dis-
tances, a purpose which was served virtually as well by the average
intervals of nearly 80 feet actually attained as it would have been
by longer distances between samples.
The relationship of the entries used is shown in Fig. 2, with the
number and mean weight degradation of each sample noted in its ap-
propriate position.
7. Discussion of Results.-The results of the local survey are given
in Table 3, which shows the distance advanced from time to time with
the weight and size degradations of each sample. The weight degrada-
tion in the third southwest entry ranged from 33.1 (Sample 53) to
46.7 (Sample 55), averaging 40.8 per cent, while that in the fifth and
sixth southeast entries ranged from 37.9 (Sample 54) to 52.4 (Sample
63), averaging 43.0 per cent.
The weight degradation is plotted against position along the entry
for each pair of entries in Fig. 2. This gives something of a friability
ILLINOIS ENGINEERING EXPERIMENT STATION
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FIG. 2.-FRIABILITY PROFILE OF ENTRIES USED IN LOCAL SURVEY
profile for each entry, and shows that the second sample in each pair
of entries gave the minimum value for its entry. These tests were
made on coal that had been stored in the pit cars on the surface
in sub-freezing weather (about 10 deg. F. above zero) for about a
day. At the time of testing no effect of the cold on the coal or in its
breakage could be detected and it was thought that the comparative
imperviousness to freezing of the + 3-inch material used would fore-
stall any effects of its storage at low temperatures but the coincidence
of the lowest degradation numbers for both samples with the freezing
temperature raises some questions as to the validity of this assumption.
Conversely, the last two samples were unavoidably stored in pit
cars for six days on the surface in hot weather with the result that
Sample 63 from the fifth southeast entry gave an unusually high mean
D, of 52.4. However, one cannot say flatly that this is the effect of
storage because sample 64 from the third southwest entry, which was
equally exposed, gave a mean D, of only 41.6 per cent, seemingly
having been unaffected by the storage. However, from tests made to
determine the effect of storage on friability, it is probable that the
friability of both of these samples was somewhat increased by the
delay in testing.
Exclusive of the frozen (second) and stored (last) samples the
average weight and size degradations were equal in both pairs of
entries, the average D, being 42.2 per cent, and the average D, 21.8
per cent (see Table 3).
On the whole, it is felt that this survey indicates something of the
extent to which the friability of coal varies over comparatively short
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TABLE 3
RESULTS OF DROP TESTS IN LOCAL SURVEY
E,
5
I. Third Southwest Entry
Average excluding Samples 53 and 64
II. Fifth or Sixth Southeast Entries
±1.3
+0.34
± 1.4
+1.2
±+1.2
+0.73
±0.87
Average excluding Samples 54 and 63 42.2
*Stored on surface in pit car overnight in freezing weather.
tStored on surface in pit car for six days in hot weather.
distances within a coal seam. There are also, no doubt, distinct differ-
ences in the friability of the coal from different benches of the seam
at a given place, but this has not been tested out as yet.
IV. MISCELLANEOUS TESTS
8. Tests on Stored Coal.-Double test samples were taken at three
of the mines visited, one portion being tested immediately at the mine
in the routine way, while the other was sacked and shipped to the
Mining Laboratory for later drop testing. The object in this was to
get some indication of the effect of storing on the friability of coal.
The results are given in Table 4, which shows that the stored coal was
in each case more friable than the same coal had been when freshly
Sample
Number
1
Distance Ad-
vanced Since
Previous
Tests
ft.
2
Av.
6
21.8
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TABLE 4
COMPARISON OF RESULTS OF TESTS MADE ON FRESHLY MINED AND STORED
PORTIONS OF THE SAME SAMPLE
D»
Fresh Stored
46.4 50.7
35.9 41.4
40.8 44.2
Excess
Weight
Degrada-
tion of
Stored
Portion
4.3
5.5
3.4
D,
Fresh Stored
25.3 29.0
15.6 20.2
19.9 23.4
Excess
Size
Degrada-
tion of
Stored
Portion
3.7
4.6
3.5
mined, the increases in weight degradation ranging from 3.4 per cent
to 5.5 per cent and averaging 4.4 per cent.
While the data are limited, there is apparently no inter-relation
between the increase in degradation due to storage, the friability of
the freshly mined coal, and the duration of storage. For a given coal,
however, it would appear that there must be some increase in fri-
ability with continued storage, a relationship which could only be
worked out by much more extensive tests.
9. Degradation of "Natural" vs. that of "Broken" Test Coal.-The
routine test procedure provides for the selection of test material by
breaking pieces of the coal being sampled that are too large to pass
a 3-in. round hole screen so that they will pass a 3-in. round hole, that
portion of the broken product which will not pass through a 22-in.
round hole being accepted as the desired 3 x 21-in. test material. This
is a purely arbitrary method aimed to facilitate sampling and at the
same time to give fairly closely sized test pieces. This may be desig-
nated as "broken" test coal for lack of a better term. The alternative
method of selecting 3 x 2%-in. test pieces from an unsized aggregate
of coal to be sampled is not to break the coal intentionally, but to
screen out of the aggregate sufficient 3 x 2%-in. coal as it already
exists therein or as it develops in screening. Such coal will be re-
ferred to as "natural" test material. It would seem reasonable to ex-
pect that either of these two methods of sample selection could be
used at will without affecting results, but tests run on separate samples
selected in both ways from each of two cars of coal show the degra-
dation of the natural test coal to be considerably higher than that
of the broken test coal from the same ear. The results are as follows:
Sample
Number
(see Table 1)
19
32
40
Duration
of Storage
of Stored
Portion,
days
67
51
46
--
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Sample 59 60
D., natural test coal............................... 46.6 46.7
D ,, broken test coal ................................ 39.7 39.8
Difference......................................... 6.9 6.9
D., natural test coal ............................... 26.0 26.9
D,, broken test coal................................ 19.9 20.1
D ifference......................................... 6.1 6.8
Accompanying this increase in degradation of the natural ma-
terial over the broken coal, and undoubtedly related to its causes, is
a decrease in the average weight of the test pieces. This is shown in
the following table:
Sample 59 -'"" 60
Average Weight per Test Piece (kg.)
Natural 3 X 2Y/-in. coal. .................... 0.154 0 155
Broken 3 X 2 1 -in. coal..................... 0.181 0.178
Relative weight (per cent) natural to broken pieces.... 85 87
There has long been noted a very rough concordance between the
average weight of the test pieces and the degradation, the latter in-
creasing with a decrease in the former, but the relation is so variable
and obscure that it has been impossible to define it or to assign any
reasons for it save that it seems plausible that the smaller test pieces
may be smaller simply because they are softer and are in a more ad-
vanced stage of degradation than the larger and apparently harder
pieces. A corollary of this is that the natural 3 x 2/-in. material in a
coal aggregate is more friable than 3 x 2%-in. pieces broken from plus
3-in. coal from the same aggregate, because they come from softer
portions of the coal and hence are not only further degraded but are
also more friable. However, differences of 6 to 7 per cent of degrada-
tion are surprisingly large, and their persistence in these tests empha-
sizes the necessity of adopting a uniform sampling and testing pro-
cedure throughout if comparable results are to be obtained from test
to test. Since the procedure to be followed is a matter of arbitrary
choice in any event, the past practice of breaking plus 3-in. coal to
3 x 2%-in. pieces is recommended as being much more expeditious than
the selection of natural 3 x 22 in. coal.
10. Average Size of Shipped Coal.-A record of the total output
of the various sizes for a period of a month or more was secured at
seven of the mines visited, and from this the average size of the coal
was calculated by multiplying the average diameter of the screen holes
for a given size of coal by the relative proportion of the total output
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in that size. The sum of these products for all sizes gives the average
diameter of the coal, this procedure corresponding with that followed
in computing the size degradation.* The upper screen size for lump
coal was arbitrarily taken as 12-in., thus making the average diameter
of 6-in. lump 9 inches. The results are shown in the following table,
which also lists the average weight degradation for the drop tests made
on samples from that mine.
Average Average Coal Size
Mine D, in.
01 60.0 2.99
02 43.3 3.55
03 41.4 3.65
U15 42.2 2.89
U16 38.7 2.94
U18 35.8 2.94
U10 33.0 2.96
It is apparent that in each of the two groups of mines decreasing
degradation is accompanied, in a general way at least, by increasing
size of shipped products, which suggests that the results of drop tests
may be of value as indicators of desirable territory within a mine for
the production of lump coal. However, as between the two groups,
open pit and underground mines, the appreciable decrease in degra-
dation is not accompanied by increasing coal size as it is within either
group, but by a marked decrease. This contrast is even more marked
if we eliminate Mine 01 from the comparison, as it is in Northern Illi-
nois, while the remaining mines represented in the table are in the
southern part of the state. With this change, the comparison is as
follows:
D, Coal Size
in.
Averages for two open pit mines ..................... 42.3 3.60
Averages for four underground mines ................. 37.4 2.93
This apparently paradoxical result, i.e., a decrease in size of output
accompanying a decrease in the friability of the coal, as between open
pit and underground mines is, of course, due to the fact that there
are ordinarily one or two more free faces exposed in open pit than in
underground mining which permits the removal of a more friable coal
with less degradation, an obvious advantage of strip mining.
The comparative uniformity in the size of the output from the four
underground mines, the maximum difference (0.07 in.) being less than
3 per cent of the mean diameter, is rather surprising in view of the
*See Bul. 196, p. 10.
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variations encountered not only in the friability of the coal but in the
mining practices in the individual mines.
V. SUMMARY
11. Summary.-In a general friability survey of the state drop tests
made on more than 40 samples of freshly mined coal from all principal
coal producing districts and seams gave an average weight degrada-
tion for underground samples in Seam No. 2 of 42.3 per cent, for Seam
No. 5, 40.3 per cent, and for Seam No. 6, 37.2 per cent. For a more
detailed summary of the results, the reader is referred to Part IV
of Table 2.
Samples from strip mines were found to be appreciably more fri-
able than those from neighboring underground mines in the same seam.
For example, the average weight degradation of samples from two
strip mines in No. 6 coal in southern Illinois was 42.7 per cent, while
that for six underground mines in this seam and district was but 35.3
per cent, a difference of 7.4 per cent of degradation in favor of the
coal from underground mines. However, a comparison of the screen
analyses of the output of a group showed that the average size of
coal shipped from four underground mines was 2.9 inches, while
that for the two open pit mines was 3.6 inches, a difference of 0.7
inch in favor of the strip mines in spite of the greater friability of their
coal.
A local survey made along two pairs of entries in a Vermilion
County mine showed appreciable variations in the friability of the coal
in samples taken at intervals of about 80 feet on the average. In the
main the differences noted are thought to represent differences in the
inherent friability of the coal from place to place in the seam.
Comparative tests on freshly mined and stored portions of a sample
from each of three mines showed a considerable increase in the fri-
ability of the stored coal in each case, the time of storage ranging
from 46 to 67 days.
On the whole, the results of this rather extensive program indicate
that the average degradation of a sufficient number of parallel drop
tests on a sample of coal may be regarded as a fairly reliable indi-
cator of the comparative friability of the sampled coal, and that while
the friability may vary considerably from place to place in a seam,
there are distinctive differences in the friability of coals from different
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seams and from different districts within a given seam. The results of
this survey also indicate, in a general way, the friability of the coals
from the important seams and mining districts of Illinois.
APPENDIX
1. Tentative Standard Drop Test.*-The following is proposed as
the technique best combining the desired accuracy, convenience, and
economy of time and material.
Apparatus Required
The apparatus required consists of a drop basket about 18 by 30
inches, which can be raised to the desired height, and which is equipped
with quick-releasing bottom doors. Auxiliary equipment consists of a
succession of round-hole screens, ranging by /2-in. intervals from 3 in.
to % in. in hole diameter, scales, etc.
Choice of Material
Coal should be chosen for testing the history of which is known
with accuracy and in all possible detail. Better than accurate knowl-
edge of sample history is control of the sample from the place of taking
to the time of testing to avoid excessive drying, breakage in handling,
etc.
Plus 3-in. material is preferable, as it is thought it is more apt
to be free from pieces which are already disintegrating more or less
rapidly. At least 500 pounds is required to give enough test material
to assure satisfactory results.
Preparation of Material
The plus 3-in. material should be broken with hammers to pass
a 3-in. screen, the portion remaining on the 2%-in. screen being the ac-
ceptable 3 x 2%-in. test supply. Hand-fitting of pieces is permissible
in the choice of sample material due to the difficulty of getting satis-
factory screening by shaking small screens of such large hole diam-
eters.
Height of Drop
A 10-ft. drop to a surface of concrete is recommended.
Testing
Sixty test pieces should be chosen at random from the supply, care
being taken to avoid any pieces which are obviously the result of
*See Bulletin 196, pp. 34-35.
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breakage since the sample was screened, or which are checked by
cracks, and are on the verge of falling apart. Thin platy pieces and
unusually "bony" or dirty pieces should also be avoided. The ac-
cepted pieces are weighed collectively, and placed systematically in
a single layer on the bottom of the lowered basket, which is then
raised to the proper height. A bin enclosure is built about the re-
ceiving platform, and the trap is sprung.
The products of the test are carefully swept up and screened
through the succession of screens, topped by the 2%-in. screen. The
weight of the coal in each size is then determined and recorded, and
the number of pieces in each size above one inch counted. The aver-
age weight per piece of the 1 x 1 -in. coal is determined, either by
counting all the pieces, or by weighing 100 of them from 2 or 3 tests
on each sample. The total net weight of the products is checked
against the net weight of the sample before they are discarded. Any
test should be rejected in which there is a discrepancy between these
two weights of more than one per cent which is not corrected by re-
weighing the products.
A sufficient number of tests should be made from a given sample
lot of coal to assure a mean D, whose probable error is less than one
per cent. As a rule nearly 10 tests will be required to do this.
2. Meaning of Degradation Numbers.-Each test starts with a
given number of rather closely sized pieces of the sample coal, this
test material having a certain average weight per piece. After the
drop most of it-will, of course, be in much smaller sized pieces, one
portion of the aggregate going into pieces of a given average weight,
another portion into pieces of another average weight, etc. This is de-
termined by screening the dropped material into a succession of in-
creasingly smaller sizes, and determining the average weight per piece
in each size. A portion whose pieces average say % the weight of the
test pieces has suffered a reduction of 25 per cent in average piece
weight. If it contains say 0.6 by weight of the aggregate, then the
degradation of that portion has been 0.6 x 25, or 15 per cent. Similarly,
if a second portion of the same aggregate consists'of pieces averaging
but say one-tenth the weight of the test pieces, there has been a re-
duction of 90 per cent in average piece weight for this portion, and if it
contains 0.2 of the total test material, the degradation of the portion
is 0.2 x 90, or 18 per cent, and the combined degradation for the two
portions is 15 + 18, or 33 per cent.
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By thus combining the partial degradations from each sized portion
of the dropped aggregate, the total per cent weight degradation is ar-
rived at. It is referred to as D,, and expresses the reduction in aver-
age weight per piece which the test coal undergoes in being dropped,
as a percentage of its average weight per piece before dropping.
If in the foregoing discussion average size per piece be substituted
throughout for average weight per piece we have the meaning of the
per cent size degradation, or D,. The average piece size is arbitrarily
taken as the average of the hole diameters of the screen through which
the coal just passes and of the screen on which it rests.
Obviously, the more friable the coal, the greater either its weight
or its size degradation.
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